Beat-to-beat variability of the QT interval (QTV) is sought to provide an indirect non-invasive measure 21 of sympathetic nerve activity, but a formal quantification of this relationship has not been provided. In 22 this study we used power contribution analysis to study the relationship between QTV and muscle 23 sympathetic nerve activity (MSNA). Here, ECG and MSNA were recorded in 10 healthy subjects in the 24 supine position, followed by a 40° degree head-up tilt. Power spectrum analysis was performed using a 25 linear autoregressive model with two external inputs; heart period variability (RRV) and MSNA. Total 
this study we used power contribution analysis to study the relationship between QTV and muscle 23 sympathetic nerve activity (MSNA). Here, ECG and MSNA were recorded in 10 healthy subjects in the 24 supine position, followed by a 40° degree head-up tilt. Power spectrum analysis was performed using a 25 linear autoregressive model with two external inputs; heart period variability (RRV) and MSNA. Total surrogate for cardiac sympathetic nerve at moderate levels of activity or, alternatively, sympathetic 34 influences on QTV are complex and not quantifiable with linear shift-invariant autoregressive models.
Introduction

43
Increased sympathetic nervous system activity contributes to the development and progression of 44 cardiovascular disease, such as heart failure (17), and may even trigger ventricular arrhythmias (22). 45 Therefore, quantifying the level of sympathetic outflow directed at the heart may be of diagnostic interest 46 in clinical as well as nonclinical contexts (8, 15, 29) . 47 Elevated beat-to-beat variability in ventricular repolarization duration, measured as changes in QT 48 interval (QT variability, QTV) on body-surface ECG has been attributed to increased sympathetic 49 outflow to the ventricles (32, 46). Although it is widely believed that QTV is predominantly driven by 50 heart period variability (RRV) under normal conditions during rest (34) , several studies across a range of 51 conditions, including healthy subjects (2), patients post myocardial infarction (50), heart failure patients 52 (25) and patients with diabetes mellitus (39) showed that a large part of QTV could not be solely 53 attributed to RRV. An increased decoupling between RRV and repolarization variability was reported in 54 healthy subjects following head-up tilt-a maneuver well-known to increase sympathetic nerve activity 55 (12)-and QTV unrelated to RR and respiration (36) was shown to increase under similar experimental 56 conditions. Correlations between QTV and cardiac norepinephrine spillover, a direct measure of 57 sympathetic activity, recorded during resting were observed in patients with hypertension (6), but not in 58 normal subjects or patients with panic disorder and depression (5). Also, QTV has been found to increase 59 significantly during standing and isoproterenol infusion (47). Collectively, these findings suggest that 60 heightened sympathetic neural modulation of the ventricular myocardium augments repolarization 61 variability independent of RRV. Thus, measuring QTV may allow evaluating the effects of sympathetic 62 activity on the ventricle and thereby yield a non-invasive index for quantifying sympathetic activity 63 levels.
64
Muscle sympathetic nerve activity (MSNA) measured in the peroneal muscle using microneurography 65 is a widely used technique to probe postganglionic sympathetic nerve activity (18). As the analysis of 66 MSNA has been proven useful for investigating the autonomic regulation of sinoatrial node activity in 67 conjunction with RRV (18, 24, 28), it may help quantify the relationship between QTV and sympathetic 68 modulation of the ventricles. 69 The aim of this study was to investigate the extent to which QTV can be used to measure sympathetic 70 activity. To address this question, we studied the relationship between QTV and MSNA in normal 71 subjects following head-up tilt, using an autoregressive model and power contribution analysis.
72
Methods
73
Subjects and experimental protocol 74 We studied ten healthy subjects (two males and eight females; age: 25.1 ± 5.9 years; BMI: 23.5 ± 3.1 75 kg/m 2 ) selected from a previously published study (19) . After giving written informed consent, subjects 76 were tested in the morning, and caffeine and alcohol consumption was restricted to a minimum of twelve 77 hours before the study took place. After instrumentation, subjects rested for 30 minutes before starting the 78 actual recording. The experimental protocol was approved by the Alfred Hospital Ethics Review 79 Committee.
80
ECG lead III, arterial blood pressure and muscle sympathetic nerve activity were recorded 81 simultaneously for ten minutes in the supine position in each subject, followed by ten minutes of head-up 82 tilt at 20°, 30° and 40°, using Powerlab (ADInstruments, Australia). Blood pressure was monitored 83 through percutaneous cannulation of the radial artery. Muscle sympathetic nerve activity was recorded 84 using microneurography as described previously (19) . In brief, a tungsten microelectrode was inserted 85 into the common peroneal nerve in order to record nerve traffic from multiple postganglionic fibers. The 86 MSNA signal was integrated using an RC circuit to obtain mean voltage of the multiunit nerve recording. 
121 where 122 On the other hand, RR and MSNA were modelled as separate autoregressive processes
133
134 where
135 
The first term is the power contribution from RR, the second term the power contribution from 148 MSNA, and the third term the power independent of RR and MSNA that is attributed to noise and other 149 sources not accounted for in the model. Here, 
(13) 160 To estimate the power contained in the low (LF) and high (HF) frequency bands, each partial 161 spectrum was decomposed into the spectral components of each pole as described in (3). The goodness of fit of the ARXX model was 51% (41%-56 %) in the supine position, and 41% (23%- 
Discussion
219
The main finding of this study is that the oscillatory modulations observed in MSNA do not contribute 220 significantly to QTV measured at rest or following medium levels of orthostatic stress.
221
The sympathetic nervous system influences the ventricular repolarization process. Since the result of these effects can be observed on the averaged steady-state QT interval of the 232 surface ECG (7), it has been suggested that the beat-to-beat variability of the QT interval carries confirmed by the lack of change in LF power of both variables in our data.
282
The QTV power independent of RR and MSNA represented more than 50% of the total and LF power RRm -mean heart period, RRv -heart period variance, QTm -mean QT interval, QTv -QT interval 
